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1. 

HOLOGRAPHIC DOPPLER-SPREAD IMAGING OF 
MOVING OBJECTS 

The invention described herein may be manufac 
tured, used, and licensed by or for the Government for 
governmental purposes without the payment to us of 
any royalties thereon. 

SUMMARY OF THE INVENTION 
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Rotation of mirror M2 produces a linear spread of 

Doppler frequencies across the reference beam due to 
the different relative movement of the face of the mir 
ror M2 to the laser light from laser L1. The object O1 
is mounted to mirror M2 as a convenient way of syn 
chronizing the motion of the mirror and object. During 
shutter open times (about 2 of rotation of the object) 
the beam angles are as shown in the drawing. Of 
course, other configurations can be used with the ob 

A brief description of the holographic Doppler- 10 ject and mirror M2 on separate rotation tables. The 
spread imaging technique for a rotating object now 
follows. It is assumed that an optical system is used to 
image a rotating object illuminated by laser light. The 
Doppler frequency shift associated with the rotation of 
the object is used as the encoder for the time channel. l 
Specifically, the light scattered from each point on the 
object along a particular direction (for a particular 
illumination and observation direction) has a unique 
optical carrier frequency. The image is projected onto 
a photographic emulsion and holographically recorded. 
The object can be imaged on, a short distance in front 
of, or behind the emulsion. The reference wave for this 
hologram comes from a rotating mirror. The reference 
wave has a temporal frequency shift proportional to 
spatial position on the hologram such that it matches 
the Doppler shift from the object. Thus, the temporal 
filtering property of the hologram decodes the time 
channel spread function into a spatial spread function. 
The width of this spatial spread function can now be 
controlled by the temporal variables instead of the 
spatial (optical system) variables. The holographic 
reconstruction can then be a superresolved image. Any 
object motion (not necessarily rotational motion) that 
encodes spatial position on the object with a unique 
Doppler frequency shift will produce the same result. 

BRIEF DESCRIPTION OF THE DRAWING 

The single FIGURE schematically shows the optical 
system of the preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The FIGURE schematically shows the optical system. 
The object beam path consists of mirror M1, collimator 
2, and object O1, and a concentric telescope T1 of 
unity power composed of lens L1 and lens L2, denoted 
as the object telescope. The object beam is directed to 
object O1 and not to mirror M2. Object O1 is attached 
to mirror M2. The object may be of a size in plain area 
which is equal to or less than the size of mirror M2. The 
reference beam path consists of collimator 1, mirror 
M2, mirror M3, lens L3, mirror M4 and lens L4. Lens 
L3 and L4 form a unity power telescope, denoted as 
the reference telescope T2. The reference and object 
beam path lengths are equalized by moving M1. The 
object is illuminated with collimator 2 and imaged onto 
the hologram plane H1 with the object telescope. The 
angle between the object beam and the reference beam 
at mirror M2 and also at the hologram plane is 15. At 
6328A, this corresponds to a spatial frequency of the 
fringes of approximately 400 lines/mm in the hologram. 
The film exposure time is controlled by the electronic 
shutter SH. The hologram plane H1 is perpendicular to . 
the optical axis of the object telescope T1, and the 
shutter SH is synchronized with the rotation of mirror 
M2 so that M2 is perpendicular to this optical axis 
halfway through the exposure. 
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mirror can rotate at speeds from 10 rad/sec to 24 
rad/sec. The power of the laser dictates the exposure 
times. Agfa 10E70 was used as the recording media. 
The hologram H1 is then reconstructed by blocking the 

5 object beam and illuminating the hologram with a sin 
gle frequency reference beam (no motion of M2). 

In operation laser L1 which may be any of the well 
known lasers generates a laser beam continuously 
which is blocked by shutter SH until time for an expo 
sure. When shutter SH opens laser beam 1 is split into 
parts by beam splitter BS. The object beam part is 
reflected to mirror M1 and is reflected off of mirror M1 
to collimator 2. The beam is then directed on object O1 
and the scattered light from object O1 is fed to tele 
scope T1. Telescope T1 is used to image the object 
onto the hologram plane H1 which contains the film. 
Object O1 is mounted on mirror M2 so as to provide a 
synchronization of the motion of the mirror M2 and the 
object. The other portion of the laser beam 1 goes 
through beam splitter BS through collimator 1 to illu 
minate mirror M2. The beam is reflected from mirror 
M2 to mirror M3 then through telescope T2 so as to 
image what occurs on mirror M2 onto the hologram 
plane H1. In this way the Doppler frequency shift asso 
ciated with the rotation of the object is used as the 
encoder for the time channel. Specifically, the light 
scattered from each point of the object along a particu 
lar direction has a unique optical carrier frequency. 
The image is projected onto a photographic emulsion 
located at H1 and holographically recorded. The refer 
ence wave for this holograph has a temporal frequency 
shift proportional to the spatial position on the holo 
gram such that it matches the Doppler shift from the 
object O1. Thus, the temporal filtering property of the 
hologram decodes the time channel spread function 
into a spatial spread function. The width of this spatial 
spread function can now be controlled by the temporal 
variables instead of the spatial (telescope) variables. 
The holographic reconstitution will then be a super 
resolved image. 
We claim: 
1. A holographic Doppler-spread imaging system 

comprising: a laser for producing a coherent single 
frequency light beam; a rotating reflecting object which 
is to be recorded; a plane mirror reflecting means; said 
mirror reflecting means and said object being attached 
to each other so that their movements are synchro 
nized; beam-splitting means for directing a portion of 
said light beam onto said object along a first path and 
for directing another portion of said light beam onto 
said mirror reflecting means along a second different 
path; a first telescope receiving reflected light from said 
object for imaging said object onto a recording plane; a 
second telescope receiving reflected light from the 
reflecting means for imaging said reflecting means onto 
said recording plane; film means located in said record 
ing plane for recording a hologram of said object; and 
shutter means located between said laser and beam 
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splitting means for limiting exposure of said film means flecting means parallel to the recording plane halfway 
so that a holographic recording of the object will occur through the exposure. 
while the object is rotating and timed to have the re- x k k sk 
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